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(57) O^tecteur d'effets de cooronne associ^s 4 un objct 
^loign6. Dans une version, le d^tecteur emplote un filtre 
optique ayant au moms une bande passante centime sur 
une longueur d'ondc correspondant 4 Tunc dcs raies de 
deuxiime Emission positive du spectre d'^mission de 
l^azote mol^utaire afui de filtrer la lumtdre provenant 
dudit objet ^toigni. Une lentille associ^ 
foncttonnellement au ftttre optique forme une image de 
Tobjet £loign6, ladite lentille ayant une forte 
trahsmissivit^ dans Ic spectre ultraviolet. 



(57) A corona detector for detecting a corona associated 
with a remote object. In one embodiment, the corona 
detector employs an optical filter having at least one 
passband centered at a wavelength corresponding with 
one of the molecular nitrogen emission spectrum second 
positive emission lines for filtering light from the remote 
object A lens operalively coupled to the optical filter 
forms an image of the remote object, the lens having high 
tranrmissivity in the ultraviolet spectrum. 
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ABSTRACT OF TKE DISCLOSURE 

A corona detector for detecting a corona associated with a remote object. In one 
embodiment, the corona detector employs an optical filter having at least one passband centered 
at a wavelength corresponding with one of the molecular nitrogen emission spectrum second 
5 positive ranission lines for filtering light frxMn the remote object. A lens opcrativcly coupled to 
the optical filter forms an image of the remote object* the lens having high transmissivity in the 
ultraviolet spectrum. 
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CROSS.REFRPKNCRS TO RRI^TED APPT JCATfONS 



This non-provisional U.S. national application^ filed under 35 U.S C. § 111(a), claims, 
under 35 U.S.C. § 119(e)(1), the benefit of the filing date of provisional U.S. national 
^plication serial number 60/024,016, filed under 25 U.S.C. S 111(b) on July 28, 1996, the 
entffety of which is incorporated herein by reference. 



field of the Igyept ion 

The present invention relates to apparatuses for the detection of electrical corona 
discharge. 

Pescriptfmi of the Related Art 

High-voltage electrical apparatus often are surrounded by a corona which is discharged by 
the apparatus when the surrounding air begins to lose iiaulating qualities. For example, 
apparatus such as electrical power transmission lines, transformer and substation insulators and 
bushmgs, high-voltage power siqyplies, and the like often have coronas associated therewith when 
the high voltage of the device causes the surrounding air to begin to conduct rather than insulate. 
Thus, it is desirable to detect the position and extent of such coronas in order to detect and 
address equipment failure. These coronas, which are also sometimes referred to as cortma 
discharges, will be referred to herein simply as coronas. 

Such coronas are typically most easily visible or detectable by various techniques in 
darkness. However, there is a need to be able to detect coronas even when there is not complete 
darkness, i.e. when there is ambient light such as sunlight or artificial indoor light Otie 
technique used to detect and identify the general position of coronas involves the use of ultrasonic 
microphones. However, ultrasonic microphones do not provide an image and thus cannot 
precisely locate the source of most corona discharges. 
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Conventiona] night- vision equipment wiiich incorporates image intensifier tubes is also 
sometiiDes used to locate corona discbarges, and can be used to provide an image of a corona, in 
addition to detecting the corona, unlike ultrasonic techniques. Unfortunately, conventional 
night-vision equipment has relatively poor sensitivity to the optical energy emitted by a corona 
discharge, and much better sensitivity to both sunlight and artiflcal lighting, requiring the 
equipment to be operated in virtually con^lete darkness and giving poor sensitivity to corona. 
This is inconvenient and expensive. 

There is, therefore, a need for inqnroved corona detection techniques. 
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SUMMARY 



A corona detector for detecting a corona associated with a remote object. In one 
embodiment, the corona detector employs an optical filter having at least one passbatxl centered 
at a wavelength corresponding with one of the molecular nitrogen emission spectrtmi second 
positive emission lines for filtering light from the remote object, A lens operatively coupled to 
the optical filter forms an image of the remote object, the lens having high transmissivity in the 
ultraviolet spectrum. 

BRIEF DESCRTPTTON OF THE DRAWTNOS 

These and other features, aspects, and advantages of the present invention will become 
more fully apparent from the following description, appended claims, and acconq>anying 
drawings in which: 

Fig. 1 is a block digram of a corona detector, in accordance with an embodiment of the 
present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMEfWT 



The light emitted by corona discharges in air is heavily concentrated in a relatively small 
number of very narrow bandwidths, typically a few nanometers (mn) or less. The corona 
emission light bandwidth wavelengths arc primarily in the ultraviolet (UV) spectrum, with very 
weak emission intensity between the peaks of these bands. Much more than half of the total 
intensity emitted by a corona discharge is emitted at wavelengths shorter than 380 nm; the 
strongest emission is typically in a very narrow band centered around 337.1 mn. Additional 
reasonably strong emission occurs at shorter wavelengths, down to at least 295 nm; other strong 
emission occurs at other wavelengths, as will be appreciated. This emission spectrum of a corona 
in ordinary air, and particularly its strong UV spectrum, is almost entirely due to the series of 
strong emission lines or bands of molecular nitrogen designated by spectroscopists as the "second 
positive system." Therefore, most of the optical energy emitted by a corona is in the form of UV 
light, and the corona emission spectrum is thus discontinuous and UV-rich. 

In contrast with the discontinuous and UV-rich nature of the corona emission spectnmi, 
most sources of ambient light, including artificial lightmg from lamps and sunlight, emit more or 
less continuous spectra that cover hundreds of nm of baiKiwidth, and are more intense in the 
visible and/or near-infrared portions of the spectrum than in the UV spectrum. The intensi^ of 
such ambient light drops rapidly at UV wavelengths (shorter than 400 nm). 

Convendonal nigfat-vision equipment is mainly sensitive to visible and near-infraxed light, 
and thus has poor sensitivity to the UV light generated by coronas. The present mvention 
provides for corona detection by en^loying an optica] filter to select one or more optical 
wavelengths associated with molecular nitrogen second positive emission lines in the UV 
spectrum, such that a corona discharge has a relatively stroiig emission intensity at that 
wavelength. By using sufficicndy narrow bandwidth passbands of the optical filter for each of 
the UV passband frequencies selected, the ambient or background light is reduced relative to the 
UV light fix)m the corona. Thus, in the present invention, an optical filter provides one or more 
sufficiently narrow bandwidth passbands, each of which is centered around one of the UV 
molecular nitrogen second positive emissimi lines or around a closely-spaced group of such lines. 
The present invention therefore allrws coronas to be imaged, and thus detected, since the ratio 
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of corona emission light to ambient light is increased, as explained in further detail below with 
respect to Fig. 1. 

Referring now to Fig. 1» there is a block diagram of a corona detector 100, in accordance 
with an embodiment of the present invention. Corona detector 100 comprises a narrow-band 
optical filter 101. a UV-transmitting lens 102, a UV image intcnsifier 103, an image inverter 104, 
and an eyepiece 105. As will be appreciated, the conogxinent parts of detector 100, shown in Fig. 
1 , are preferably assembled into a external housing (not shown) to form a single corona detector 
miit. This unit may be held in the hands, or mounted on a tripod or other support, and pointed 
toward the area of the apparatus to be inspected. Typically, this area will be located 3 to 50 
meters away from the observer and the corona detector unit. 

Optical filter 101 is preferably a bandpass, comb, or shortpass optical filter having one or 
more passbands in a selected part or parts of the UV portion of the spectrum and blocking light 
in the remaining portions of the ultraviolet, visible, and near-in&ared spectrum. 

UV lens 102 is an image-fonning lens c^nble of passing the wavelengths selected by 
optical filter 101 with relatively small attenuation. Odierwise, if a UV-transmitdng lens 102 were 
not enq>loyed, the UV light passed by optical filter 101 would be effectively filtered out by the 
lens. (Or. if the lens were in firont of the optical filter, the lens would filter the UV light out 
before ifeaching the optical filter.) Lens 102 forms an xm^ge of a remote object for UV intcnsifier 
103 in response to input light received from the remote object. In one embodiment, UV lens 102 
is conq)osed of multiple lens elements, fabricated tcom materials with low attenuation in the 
290-380 nm region, such as silica (quartz), calcium fluoride, magnesium fluoride, sapphire, 
and/or UV-transmitting optical glasses. 

In one embodiment, as illustrated in Fig. i, UV lei2S 102 comprises three lens elements 
in accordance with the classical Petzval portrait lens form, all elements are of fused silica, the 
relative aperture is f/4.5, the focal length is 100 mm at 337 imi, and the lens covers an image 
field 18 mm in dianwter with a modulation transfer fimction (MTF) greater than 10% at 30 cycles 
per nun over at least half the image field. In an exnbodiment, UV lens 102 is not corrected for 
chromatic aberration, and may be re-focused if bandpass of optical filter 101 is changed to 
match different applications, for example in accordance with changes in ambient light. 
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In one embodiment, UV lens 102 comprises a focusing mechanism. As will be 
appreciated, other focal lengths, relative apermres, and other lens specifications may be utilized 
in alternative embodiments, depending upon the specific application. However, when varying 
these specifications. UV lens 102 preferably has low attenuation between 280 and 380 nm and an 
MTF and angular field approximately matching that of UV image intensifier 103. 

The wavelengths selected by the present invention are in the UV and are therefore 
invisible to the human eye. Further, the intensity of the light emitted by corona discharges is 
relatively low. Therefore, in one embodiment, UV image intensifier 103 is employed to both 
amplify the filtered light and convert it from UV to visible wavelengths. UV image intensifier 
103. in one embodiment, is an image-intensifier tube designed for good sensitivity (i.e. a 
photocathode responsivity of roughly 10 mA/W or greater) at the UV wavelength(s) appropriate 
to the application, as discussed above with respect to selection of the bandpass of optical fiiltcr 
101. In one embodiment, UV image intensifier 103 comprises an ii^ut window con:q>oscd of 
silica (quartz) or another UV-transmitting optical material, and comprises a photocathode of S-20, 
bialkalai, or similar UV-scnsitive photocathode material. The photocathode diameter of UV 
image intensifier 103 may be 18 mm, 25 mm, or some other suitable size. The image intensifier 
power supply may be either internal or external. In one embodiment, UV image intensifier 103 
is a "Gen H* praxImiQr-focused micro^liannel plate intensifier having a photon gain of the order 
of I,000-10»000. In an alternative embodiment, UV image mtensifier 103 is a "Gen I" mbe 
having lower gain and sensitivity but lower cost than Gen U type intensifiers. UV image 
intensifier 103 further conqirises output screen phosphors, such as P-20 or P-43 (green emission) 
phosphors. 

Image inverter 104 receives the ou^t image from UV image intensifier 103, and is used 
to present an image that is coirecdy oriented (top to bottom and right to Icfl) when the user looks 
through eyepiece 105. In one embodiment, image inverter 104 is included as a part of the 
housing of UV image intensifier 103. In an altematrve embodiment, image inverter 104 is not 
physically included within tbc image inverter 104 housing, and comprises a fused fiber-optic 
bundle with a 180 degree twist between iiqmt and ouQmt, an erecting prism assembly (e.g. Porro 
pair. Pechan roof, etc.), or an inverting lens relay. 
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The MTF of image inverter 104 is. in one embodiment, approximately equal to or better 
than the MTF of UV image intensifier 103, to prevent image degradation, and the field coverage 
of image inverter 104 is sufficient to cover the UV image intensifier 103 phosphor screen 
diameter, typically 18 mm or 25 mm. 

Eyepiece 105 is preferably of the same general type normally used for amateur astronomy, 
having a focal length of approximately 20-40 mm and covering most or aU of the field of the 
image inverter 104 output with an MTF roughly matching that of image inverter 104. All 
conqxments of corona detector 100 are mounted in an enclosed housing (not shown) such that the 
correct mechanical spaciQgs are maintained and the con^lete unit can be easily held in the hands 
and/or motmted on a rigid support such as a camera tripod. 

The center wavelength (maximimi transmission wavelength) of optical filter 101 and the 
spectral width of its passband(5) are chosen so as to pass an emission line, or group of lines, from 
the optical emission spectrum of molecular nitrogen. Preferably, as explained above, the 
transmitted line(8) are chosen from the optical wavelengths associated with molecular nitrogen 
second positive emission lines in the UV spectrum. The preferred pas5band(s} of optical filter 
101 thus corre^Kmd with one or more relatively strong emission lines, for example, one or more 
of the spectral lines having wavelength maxima at 380.5 nm (also referred to as the 0,2 line of 
the molecular nitrogen second positive emission spectnun), 375.5 nm (tbe 1,3 line), 371.0 nm« 
357.6 nm (the 0,1 line), 353.7 nm (the 1,2 line), 337.1 nm (the 0.0 line), 315.9 nm (the 1,0 
line), 313.6 nm, 311.7 nm, 297.7 nm (the 2.0 line), 296.2 nm (the 3,1 line), or 295.3 nm (the 
4,2 line). 

Which spectral lines are selected by optical filter 101 by having passbands encompassing 
these lines Is determined in accordance with the particular application, for example whether tbe 
object to be inspected for possible coronas is outdoors or indoors, in sunlight or at nighttime, etc. 
For many applications such as tbe inspection of electrical power high- voltage transmission lines 
and substations, particalarly at voltages above 50 kV. it is desirable to be able to locate the 
corona during ordinary daylight, so as to avoid the iix:onvenience and expense of working at 
night. For indoor applications, such as the testing of high-voltage components during 
manufacture, it is desirable to work with the lights on. Therefore, selection f a narrow optical 
band in the UV spectrum where the corona emission is strong will substantially increase the ratio 
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of corona emission light to background light, allowing a high-contrast corona imag Co be 
produced by a UV-transmitting lens. 

In the present invention^ one or more passbaiKls may be selected with the optical filter in 
accordance with the nature of the ambient light. In the case of sunlight, ambient light intensity 
drops monotonically over the entire UV spectrum, and becomes virtually undetectable at 
wavelengths shorter than 295 nm due to the absorption of atmospheric ozone. Therefore, 
selection of the corona emission lines near 295-29S nm for the bandpass of the optical filter will 
give a larger ratio of corona emission to background in the presence of sunlight dian selection of 
other corona emission wavelengths, such as the emission peak at 337 nm. For bright sunlight, 
selection of the corona emission lines near 295-298 nm is preferred. 

Since the maximum absolute intensity of the corona emission occurs at 337 imi, selection 
of this wavelength will normally be preferred when the background illumination is either dim 
sunlight or artificial light. Selection of intermediate lines, such as those near 316 nm, will yield 
intermediate results. 

A bandwidth of proximately 10 nm for the bandpas5(es) of optical filter 101 has been 
found to be useful in obtaining these advantages, but using a bandwidth much broader than 10 nm 
Ibegiiis to ireduce these advantages (although there may be no detectable difference between the 
perfonnance with a 10 nm bandwidth bam^Kiss and a 9 or 11 nm bandwidth bandpass). 
However, making lnmdwidtii(s) of the bandpasses of optical filter 101 narrower can improve the 
perfonnance significaiitly for some applications. It has been enq)irically determined that an 
optimum filter bandwidth is about 1.0 to 10 nm for indoor applications, and about 0.001 to 0.01 
nm for outdoor educations, although the practical lower limit on the bandwidth of 
commercially-available optical filters at the present tune is about 0. 1 to 1 .0 mn. Therefore, an 
optical filter bandpass having a bandwidth of 10 nm or less is, in general, preferred. 

Thus, in one embodiment, each passband of optical filter 101 has a bandwidth of 0. 1 to 
JO ran, for selection of one line or a closely-spaced group of lines, where "bandwidth** is defined 
conventionally to mean die fiill width of the optical passband measured from the half roaxnnum 
transmission points, sometimes referred to as full width at half ffiftxtrmifn or FWHM. The 
rejection band of ojpticai 101 filter is preferably chosen to reject (with attenuation at least 20 dB 
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relative to the transmission peak) other light wavelengths within the range of approximately 290 
to approximately 1,200 nm. Rejection at wavelengths shorter than 290 nm is not needed because 
there is very little background (ambient) light at these wavelengths, and rejection at wavelengths 
longer than 1,200 nm is not needed because UV image intensifiers such as intensifier 103 
typically are insensitive to wavelengths longer than roughly 1 ^000 nm. 

The strongest corona emission normally occurs at the 337.1 nm emission iine» but the 
largest ratio of corona emission to ambient background light normally occurs at emission 
wavelengths shorter than 300 ran. Therefore, the selection of an optimum filter depends on the 
amount and type of background light for a particular appiicatioiL For exanq>le, optical filter 101 
having a passband from about 294-299 nm may be for use in bright outdoor daylight, and a 
passband centered cm 337 imi may be used in dim outdoor light or indoors under artificial light, 
since sunliglxt is very ricli in UV at wavelengths longer than about 300 mn, whereas artificial 
light is relatively weak in UV at wavelengths shorter than about 350 nm. In one embodiment, 
therefore, optical filter 101 is mounted in a removable mount, such that the user can select 
different filters for different applications (e.g. indoors versus outdoors, bright versus dim ambient 
light). 

In tise, Uy lees 1()2 of corona detector 100 is focused so that it forms an image of the 
electrical apparatus or other remote object to be inspected at the photocathode of UV image 
uatensifier 103. Eyepiece 105 receives the output of image inverter 104 and is preferably focused 
to provide a focnied image of the remote object and any corona, for example to a user's eye 
looking into eyepiece 105. Since a small amount of UV light within the passband(s) of optical 
filter 101 will normaily be present, a dim image of the remote object will be seen in the ey^iece. 
If a-corona discharge is present, a bright image of this discharge will be seen at the corresponding 
location on the object being inspected. Empirical testing of the invention confirms that corona 
discbarges invisibte to other methods can be detected with useful sensitivity at useful ranges. If 
necessary, the tiser may select fix)m a variety of nanow-band optical filter(s) to obtain the 
maxitnum contrast of corona against background, or the maximum sensitivity for detecting weak 
coronas in dim background light. 

Thus, in the prKent invention, by combining at least one narrow filter centered on one of 
the strong lines of the molecular nitrogen emission spectnmi (especially the 0,0 line of the second 
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positive system), the corona image brightness is reduced only slightly compared with the use of 
a broadband UV filter, whereas the backgroimd (interf ring) light ftxnn other sources is reduced 
by a much greater amount, thus greatly mcreasing the signal-to-background ratio and making it 
possible to view corona at much greater levels of background illumination. 

♦ ♦ * 

As will be appreciated, although the present embodiment disclosed herein contains an 
image inverter 104 and eyepiece 105 to allow for human viewing, in alternative preferred 
embodiments other detection methods may be enqylpyed. For example, in one alternative 
embodiment, an electronic deteaor can be positioned to receive the image of UV image 
intensifier 103 (or incorporated therein), and suitably configured to be able to automatically 
detect ax^ corona present in the image* Charg&coupled device (CCD) arrays or other solid-state 
electronic image dete^rs such as complementary metal oxide semiconductor (CMOS) imager 
technology may also be employed instead of an eyepiece and inverter to capture the image on the 
phosphor screen of UV image intensifier 103, The hnage so captured may then be displayed on 
a mointor for viewing by human user or processed by an image processor configured to 
antomatic^aily detect coronas. 

As will be appreciated, although corona detector 100 of Hg. 1 is illustrated with optical 
filter 101 situated in fiom ot lens 102, so that ligbt finbni the remote object passes through 
optical filter 101 befiore parsing through UV lens 102, in alternative embodiments, UV lens 102 
may be situated in fitmt of optical filter 101, or opdcal filter 101 may be situated within UV lens 
102. 

It will be understood that various changes in the details, materials, and arrangements of 
the parts which have been described and illustrated above in order to explain the nature of this 
invention may be made hy those skilled in the art without departing from the principle and scope 
of the invention as recited in the foUowixig claims. 
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a.AIMS 

What 15 claimed is: 

1 1. An apparatus for detecting a corona associated with a remote object, con^rising: 

2 (a) an optical filter having at least one passband centered at a wavelength corresponding 

3 with one of the molecular nitrogen emission spectrum second positive emission 

4 lines for filtering light firom the remote object; and 

5 (b) a lens operativcly coupled to the optical filter and for forming an image of the remote 

6 object, the lens having high transmissivity in the ultraviolet spectrum. 

1 2. The apparatus of claim 1 , wherein the c^cal filter is positioned in fitjnt of the lens so 

2 that the lens receives light filtered by the optical filter. 

1 3. The ^iparatus of claim 1, wherein the passband of the optical fiJter has a bandwidth 

2 of 10 nanometers (nm) or less. 

3 4. The apparatus of claim 1, wherein the wavelength is approximately 337.1 nm. 

4 5. The apparatus of claim 1, wherein the wavelength is approximately 315.9 imi. 

1 6. The apparatus of claim 1 . wherein: 

2 the passband of the optical filter has a bandwidth of 10 imi or less; and 

3 the passband of the optical filter is centered at a wavelength so that the optical filter 

4 passes light at wavelengths of 357.7 nm and 353.7 ran. 

1 7. The apparatus of claim 1, wherein: 

2 the passband of the optical filter has a bandwidth of 10 nm or less; and 

3 the passband of the opdcai filter is centered at a waveleiigth so that the optical filter 

4 passeslightat wavelengths of 380.5 nm and 375.5 nm. 

1 8. The apparatus of claim 1, wherem: 
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2 the passband of the optical filter ha^ a bandwidth of 10 nm or Jess; and 

3 the passband of the optical filter is centered at a wavelength so that the optical filter 

4 passes light at wavelengths of 297.7 ran, 296.2 nm, and 295.3 nm. 

1 9- The apparatus of claim 1, further comprising: 

2 (c) an image intensificr tube having high sensitivity in the ultraviolet portion of the 

3 spectrum, for amplifying the image received from the lens and filtered by the 

4 optical filter and for converting the image from UV wavelengths to we'-slengths 

5 visible by humans to provide an amplified, converted image. 

1 10. The apparatus of claim 9, further con^jrising: 

2 (d) an image inverter for inverting the anqjlified, converted image provided by the image 

3 intensificr tube to provide an inverted image; and 

4 (e) an eyepiece for viewmg the inverted image provided by the image inverter. 
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